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ABSTRACT
Importance and Objective: The prevalence of physical function limitations in middleaged women (40-64 years of age) has increased over the past several years. While factors such as age, level of physical activity, body composition, muscle strength, and
muscle quality have been associated with declines in physical function, the influence
of muscular strength asymmetry has not been well characterized. Additionally, the
prevalence of muscular strength asymmetry among middle-aged women is also unknown. The primary aim of this study was to examine the prevalence of lower limb
muscular asymmetry in middle-aged women and assess the independent contribution
of asymmetry of the lower limb musculature on physical function performance. With
the hypothesis that middle-aged women with greater muscle asymmetry would exhibit
poorer performance on physical function assessments compared to their more muscularly symmetrical counterparts.
Methods: In this secondary data analysis, 116 middle-aged women (52.93 ± 6.10
years; BMI =26.38±5.10) were assessed for lower-extremity asymmetry using the
Limb Symmetry Index-2 equation and a cut point of ≥ 10 %. Five objective measures
(transfer task, 8-foot-up-and-go, 30-second chair stand test, 6-minute-walk-test, liftand-carry) and a composite measure (lower-extremity physical function composite
score) were used to assess physical function performance. An accelerometer and physical activity logs were used to measure physical activity and dual energy X-ray absorptiometry was used to measure body composition (whole body lean mass and fat mass).
Isometric knee flexion and extension at 60 degrees and isokinetic knee flexion and ex-

tension at 60 degrees per second and 180 degrees per second were measured using isokinetic dynamometry. Finally, muscle quality was calculated as muscle strength normalized for thigh lean mass. Bivariate correlation analysis was utilized to assess the
strength of the association between muscle asymmetry and physical function measures
and a series of independent samples t-test were used to assess differences among
asymmetry groups. Significance was set at a p-value < 0.05.
Discussion: Lower limb muscular asymmetry was not significantly associated with
objectively measured physical function or with the physical function composite score
(all p < 0.05) and there were no significant differences among muscular asymmetry
groups for any physical function measures (all p < 0.05). Muscle quality was significantly associated with the majority of the objective physical function measures.
Conclusion: The lack of an association between asymmetry and physical function task
performance refutes our hypothesis and indicates that lower limb muscular asymmetry
may not negatively impact middle-aged women's physical function performance. The
present study confirmed that physical function performance and muscle quality are
significantly associated, which warrants the measurement of muscular strength and
body composition in future studies. Interventions aimed at maintaining or improving
physical function in middle-aged women may not need to target muscular asymmetry,
but focus on minimizing fat mass, maximizing lean mass, and improving muscular
strength.
Key Words: Middle-age, Physical function, Asymmetry, Muscle quality, Body composition, Physical activity
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CHAPTER 1
INTRODUCTION
A person’s ability to perform basic activities of daily living, also known as
physical function, is a growing health concern among middle-aged women (2). A recent report from the Study of Women’s Health Across the Nation (SWAN), which examined outcomes in 2,000 middle-aged women (40-65 years), found that 19% of
women aged 40-55 reported experiencing mild to moderate physical function limitations and this increased to 50% of participants aged 56-66 (2). Most concerningly,
19% of women ages 56-66 reported severe to extreme mobility disability (2). Age 65
is often used as a marker for the transition from middle-age to older adulthood, and
these data imply that a greater number of women than previously thought are entering
older age with poorer physical function ability. Poor physical function in older adults
is associated with negative outcomes, including decreased quality of life and increased
fall risk (6). Physical functional ability at midlife may impact their overall health and
independence as their age advances (4, 40, 41, 42, 43).
The associations between physical function performance and quality of life are
well established in older adults aged 65-85 (6). Additionally, it is well established that
body composition, specifically increased percent body fat, lower physical activity levels, and decreased muscular strength, endurance, and power, are significantly associated with poorer physical function in this population (26, 27, 28, 29). Research evidence also suggests that muscle strength asymmetry, typically measured as a comparison between the unilateral strength of each leg (33), is associated with poorer physical
1

function (40, 42) and increased fall risk in older adults (4, 33, 42, 43). Specifically,
muscular strength asymmetries in older adults have been associated with poorer physical function, with the weaker limb possibly being the limiting factor in walking performance (4). Greater asymmetry is associated with greater gait asymmetry (3), step
length discrepancies, and slower gait speed (3).
Lower limb muscular asymmetry research has predominantly been conducted
among young athletes, emphasizing its effect on sports performance, injury prevention, and rehabilitation (7). In older adults, the association between asymmetry and
functional performance has been examined (3, 4). Both younger athletes and older
adults with greater muscular asymmetry experience poorer outcomes, including higher
rates of injury (7, 34, 35, 44) and poorer physical function performance (7, 44). The
presence of lower limb muscle asymmetry likely has a negative association with physical function outcomes in middle-aged adults, however, currently, there is no evidence
to support this association in this age group. Therefore, lower limb strength asymmetry may be an additional independent factor in determining profiles of physical
function in middle-age adults.
Muscular asymmetry is assessed by measuring and comparing the strength in a
particular muscle group in one limb to the other limb and calculating the difference
between the two as a percentage (1). The optimal method for asymmetry calculation is
not well characterized. Asymmetries are typically reported as a percentage of strength
difference between limbs, with distinctions of dominant or non-dominant, right or left,
stronger or weaker, or preferred or non-preferred limb (1). This large array of reference values has given researchers several equations/methods to consider. Additionally,
2

the majority of the research in this area has excluded middle-aged adults and focused
on younger athletic populations (7, 34, 35, 44) and older adults (3, 4, 33, 40, 41, 42,
43). Most studies have not used similar calculation methods and due to this, asymmetry calculations are difficult to compare across studies (1). Although each of the
available equations are valid approaches to determine muscle asymmetries (1), adopting one equation would be beneficial since it would standardize the method for determining asymmetry. In order for a singular equation to be used researchers interested
in these outcomes in middle-aged women need to examine how these calculations perform in a sample of women completing lower limb isokinetic dynamometry at several
contraction speeds. Measuring muscular asymmetry in this population could help to
establish the prevalence of asymmetry at middle-age.
To our knowledge, no studies have examined lower extremity muscular
strength asymmetry to determine if this independently affects physical function performance in middle-aged women. Understanding if muscle asymmetry is a significant
and independent factor in determining physical functioning during midlife may help
researchers and clinicians identify those in need of preventative intervention, specifically muscular strengthening intervention for the weaker leg to resolve the strength
asymmetry. Therefore, the primary aim of this study was to determine if muscle asymmetry is a contributing factor to physical function performance. We hypothesize that
middle-aged women with greater muscle asymmetry levels would exhibit poorer performance on physical function tests than their symmetrical counterparts.
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The secondary aim is to examine if the standard cut-points used for determining muscle asymmetry in younger (≥ 10 %) (7) and older adults (15-20%) (4) are appropriate for use in a middle-aged cohort. When assessing asymmetry in middle-aged
women, we hypothesized that researchers will need to utilize a lower range/ cut point
(≥ 10 %), due to fewer age-related declines in muscle mass, to establish asymmetry
compared to the ranges used with older individuals.
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CHAPTER 2
REVIEW OF LITERATURE
Introduction
For women, middle age (age 40-64) is typically a time of physiological change
related to the onset of menopause (2,12). Decreases in physical activity levels and
changes in body composition, specifically increases in body fat (26), coincide with declines in muscular strength, endurance, and power (26). While negative changes in
physical activity level, body composition, and muscular capacity are not inevitable in
middle-aged women, they generally decline across adulthood due to changes in lifestyle behaviors, specifically declines in physical activity and exercise (26). Current research consistently shows a steady decline in the number of women who meet the current physical activity recommendations with increasing age (11), despite the wellknown benefits of engaging in regular physical activity for positive health outcomes
such as maintenance of healthy body weight and muscle mass (30), and better muscular function (5, 11).
Recent research shows that physical function performance also declines during
middle-age for some women (2, 5, 12, 26). The magnitude and slope of this decline
may result from the culmination of the independent and interactive effects of changes
in body composition, physical activity, and muscular capacity (27). Relatedly, differences in limb strength, also known as muscular strength asymmetry, may also emerge
due to the interaction of these factors. As a result, there may be an exaggeration or increase in muscular asymmetry in the lower extremities as individuals enter middle5

age. As muscular strength asymmetry has been associated with poorer physical function performance in older women (4, 40, 42), an examination of muscular asymmetry
and its association with physical function performance in middle-aged women is warranted. If lower limb muscular asymmetry is an independent factor associated with
physical functional ability in middle-aged women, appropriate muscular strengthening
interventions may be needed to mitigate this issue.
There are no available studies to our knowledge examining lower extremity
muscular strength asymmetry and its independent effects on physical function performance in middle-aged women. Understanding if muscle asymmetry is a significant
and independent factor in determining physical functioning during midlife may help
researchers and clinicians identify those needing intervention, specifically muscular
strengthening for the weaker leg to resolve the strength asymmetry.
The following literature review will examine how muscle asymmetry is measured and describe how muscle asymmetry may affect physical function performance,
with a specific focus on middle-aged women. Additionally, this review will describe
the known associations between physical function and body composition, physical activity, muscle strength, and muscle in women at middle and old age. Understanding
the associations between these variables and their effects on physical function in this
middle-aged population is essential to designing effective interventions targeted to reduce the incidence of muscle asymmetry and improve physical function in middleaged women
Physical Function
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Physical function is defined as an individual’s ability to complete the necessary
tasks required for daily living (bathing, dressing, transferring, toileting, or eating) (89).
Physical function performance may need to be assessed in an individual for various
reasons, such as identifying individuals in need of an intervention, better characterizing individuals in poor health, and establishing a baseline that can be monitored over
time (84). Physical function can be measured subjectively and objectively in the clinical setting (83). Subjective questionnaires evaluate an individual's perceived limitations on performance abilities during daily activities (84). Benefits of subjective scales
include ease of administration, low cost, and no risk of injury to the respondent (84).
Common subjective measures include the Katz ADL questionnaire (90), the Lawton
Instrumental Activity of Daily Living questionnaire (91), and the Short Form-36 Physical Function Scale (92). However, when possible, objective measures are preferred
due to the shortcomings of subjective questionnaires, such as recall bias, misinterpretation of the questions, and inaccurately quantifying physical function (84). Standard
objective measures include the 6-minute Walk Test, Intermittent Shuttle Walk Test,
Stair Climb, Chair Stand Test, and the Timed Up and Go (84). The benefits of measuring physical function using objective measures include their high levels of reproducibility, ease of use in the field, time efficiency, low patient burden, and availability of
large databases for comparison (84).
Physical function performance is typically assessed in older adulthood due to
the association between lower physical function and poorer quality of life, decreased
independence, and increased physical disability (6). Age is a primary risk factor for
poor physical function and well established that older adults demonstrate limitations in
7

physical function (85, 88). Still, the onset of these limitations may occur during middle-age (ages 40 – 64), making this life stage a crucial period to examine functional
outcomes to prevent or diminish the loss of function over time (2). The number of
women in middle-age reporting physical function limitations increases with increasing
age, even across this narrow, 24-year, time frame; 9% of women aged 40-55 years
self-reported substantial limitations, with the number rapidly increasing to 50% between the ages of 56-65 years (39). Poor physical function negatively impacts an individual’s ability to complete activities of daily living and function independently and is
associated with an increased risk of chronic disease and early mortality (2, 11, 39).
A contributing factor to the decline of physical function with age may be the
loss of muscular strength and power across the lifespan (51). Declines in muscular capacity typically begin between the ages of 30-40, and then rapidly decline after age 60
(51). With this decline there are greater detriments seen in the lower limb musculature
(51). Generally, decreases in muscle mass can occur due to a decrease in the cross-sectional area of the individual fibers or loss of fibers and with aging, a decrease in fibers
contributes most significantly to the decrease in mass (70). Several studies have shown
that lower muscular strength and power levels are associated with poorer physical
function performance (8, 50, 53, 59). Additionally, although overall strength decreases
are associated with reductions in physical function performance, disproportionate
strength levels between the left and right lower extremities are associated with further
decreased joint stability and put the individual at a higher risk for injury (50). This decrease of overall physical fitness due to declines in muscular strength and endurance,
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and the presence of muscle asymmetry may result in the aging adult being at a greater
risk for falls (50).
In addition to changes in muscular performance, changes in body composition,
particularly increases in fat mass, have consistently been linked with poorer levels of
physical function in older adults (39, 69). Individuals with higher adiposity and lower
levels of lean mass may find it more difficult to move due to a greater total mass to
move and lower amounts of active lean muscle mass to move it. As a result, physical
activity levels may be self-limited. Additionally, excess fat around the torso and abdomen makes functional activities such as bending at the waist or rising from a chair
more difficult and less comfortable (39). The high levels of adiposity are particularly
concerning in women, with 60% of females over the age of 65 being categorized as
obese when using BMI (69). Although BMI is not the preferred method of calculating
body composition (69), research has determined that women classified as obese had
overall lower levels of physical activity, higher levels of fat mass, and a lower quality
of muscle compared to age-matched males (69). In a study performed with middleaged women and menopausal stage, premenopausal women (n=69, age= 44.48 ± 2.22)
carried 33.83 ± 5.70% body fat, while perimenopausal (n= 45, age= 48.75 ± 1.75)
women carried 35.53 ± 4.47% body fat (71). These differences in body fat indicate
that fat mass tends to increase throughout middle-age (71). Still, there are currently no
set cut points to classify health status when using percent body fat, which is why BMI
is commonly used to classify weight status. Due to the higher levels of fat mass present in the aging female, interventions targeting a decrease in overall body mass may
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lead to improvements in physical function due to the lowering of body fat associated
with weight loss.
The risks of poor physical function were previously thought to affect only
older adults, with little attention paid to individuals at middle-age. However, the prevalence of and risks related to poor physical function are expanding among those in
middle-age. Over a third of adults aged 40-65 years have reported physical function
limitations for activities of daily living, with a larger portion of these individuals being
female (2). Specifically, women who develop chronic conditions earlier in life associated with poorer physical function are at a greater risk for falls (2, 50) and associated
poor outcomes, including earlier mortality (39, 50). Early intervention to treat factors
related to physical function limitations, including poor body composition, inadequate
physical activity levels, low levels of muscle strength and power, and lower limb
asymmetry in middle-age may be vital, due to the reversible nature of moderate physical functioning limitations during this time frame. Thirty-seven percent of adults who
develop a new physical function impairment, such as difficulty performing activities
of daily living or instrumental activities of daily living (managing money, managing
medication, shopping for groceries, preparing meals, or making phone calls), in middle-age were able to regain self-reported independence in two years, although mechanisms of improvement are unclear (2, 89). Therefore, identifying modifiable factors
for physical function performance and acting during middle-age and positive lifestyle
changes may improve long-term functioning and quality of life.
Muscle Asymmetry

10

Muscle asymmetry is defined as the between limb differences in either strength
or power at a given joint angle (48). Muscle asymmetries can be caused by preference
or dominance of one limb over another or by a significant injury to a limb (48). The
asymmetries between limbs can lead to substantial differences in the affected muscle’s
mass, motor control, strength, and power (48). Muscular asymmetry is assessed by
comparing the strength of a particular muscle group in one limb to the other limb and
calculating the difference as a percentage (1, 46-48). Muscle torque (strength) and
power are generally measured using laboratory-based techniques using isokinetic dynamometry. This type of measurement can be designed to closely represent joint actions from daily activities (48). Muscle asymmetry also can be assessed using fieldbased applications, such as a vertical jump or chair rise test and a force plate, to allow
for the measurement of force generated by each limb (48).
For young and healthy populations, a difference of greater than 10% between
limbs would indicate asymmetry, and a difference less than 10% is defined as healthy
(1, 48). With age, these cut points are modified and an older adult would be considered asymmetrical if differences between limbs are greater than 15% (4, 48), although
there are no universally accepted asymmetry values determined for any age at this
time.
Additionally, the optimal method for asymmetry calculation is still not well
characterized. Asymmetries are typically reported as a percentage of strength difference between limbs, with distinctions of dominant or non-dominant, right or left,
stronger or weaker, or preferred or non-preferred limb (1, 48). To accurately determine
asymmetry, the values need to be compared to each other. Therefore, the stronger or
11

dominant limb is typically used as the reference limb when inputting values into an
asymmetry equation (1). While test-retest reliability assessment of asymmetry equations has been conducted, there still is not one equation that has been adopted as the
universal standard (1). Bishop and colleagues (1) reviewed nine common equations
used to calculate muscular asymmetry in an attempt to establish a standard. The following equations were evaluated based on their use in previous literature (1): the Limb
Symmetry Index 1, 2, and 3 (LSI-1, LSI-2, LSI-3), Bilateral Strength Asymmetry
(BSA), Bilateral Asymmetry Index 1 and 2 (BAI-1, BAI-2), Asymmetry Index (AI),
and Symmetry Angle (SA).
First, the LSI-1, LSI-2, and BSA were compared using the dominant or nondominant limb as a reference. The LSI-2 was determined to be advantageous due to its
more consistent between-limb distinction (1). It was found that the LSI-3, BAI-2, and
AI equations produce similar results, but the BAI-2 and AI are preferred due to their
accuracy in predicting asymmetry in limb dominant sports, such as fencing (1). The
BAI-1 and SI equations were found to produce the smallest asymmetry scores, but as
the SI equation makes the differentiation between the dominant and non-dominant difficult due to the use of only the high and low scores, the BAI-1 equation is preferred.
Finally, the SA equation compares the asymmetry values to a 45-degree angle to allow
for perfect symmetry without using a reference value of either stronger or weaker limb
(1). This approach may be more practical to use when working with a healthy population when there is no clear limb dominance or injury present to the limb. Due to these
factors, Bishop and colleagues (1) suggest using the SA equation when determining
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asymmetry scores, but no validity or reliability studies using this equation have been
conducted to determine its usability in research studies.
Prevalence of Muscle Asymmetry and Implications for Health Across the
Lifespan
Muscle asymmetry is typically measured through the assessment of bilateral
muscle strength or power to mimic activities performed in daily living (1, 46-48).
While both muscle strength and power are associated with physical function performance, muscular strength is the maximal force produced, and muscular power is the
individual’s ability to rapidly generate force (27). Muscle power is positively influenced by the muscle’s strength and its cross-sectional area, indicating greater muscle
quality (27). Therefore, it is optimal to possess symmetrical levels of muscle strength
and muscle power. This difference between muscular strength and power may influence the prevalence of asymmetry in the individual, with differences in muscle power
correlating to greater detriments in physical functioning (46). It has also been found
that higher performance on activities of daily living, including stair climbing and rising from a chair, are associated with greater levels of muscle power (27). Although
asymmetries of muscular power present with older age, the prevalence of muscular
power asymmetry in adults younger than 30 years of age, is low, as it has been shown
that 95% of individuals in this age group, regardless of activity level (physically active
or inactive), did not present any significant muscle asymmetry, defined as >15% (46).
This could indicate that muscle asymmetries measured using muscle power are not
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significant until after the age of 30, the age typically associated with a decline in muscle power generating capacity (46).
Athletes who specialize in a limb-dominant sport, such as soccer, at a young
age may not develop fundamental motor skills and put themselves at risk for musculoskeletal imbalances (47). Untreated asymmetries could lead to muscle shortening,
which could limit the mobility of the joint and lead to an increased risk of injury (47).
When evaluating a population under the age of 30, asymmetries greater than 10% have
negative associations in power movements like jump height and change of direction
speed (45, 47). In particular, college-aged female athletes with a greater than 15%
asymmetry present in the knee extensors were three times more likely to be injured in
season compared to their symmetrical counterparts (48). Therefore, determining a
baseline of muscle asymmetry for these athletes is important to ensure that proper rehabilitation protocols are established if injury occurs. In general, before an athlete with
a lower limb injury can return to play a bilateral difference of less than 15% is desired
(46, 47). This cut-point also could be useful when determining rehabilitation cut
points to use in a middle-aged population.
The presence of muscle asymmetries may be highly dependent on the population being examined, with a particular interest in age and the athletic event. In a study
of young athletes (n=50, age= 14.4± 1.3 years) the degree of bilateral asymmetry in
the knee flexors and extensors was measured using an isokinetic dynamometer, with
differences in locomotion (symmetric, asymmetric, or hybrid) taken into account (47).
Athletes who participated in limb dominant sports (i.e., tennis, volleyball, and soccer)
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presented significant strength asymmetries in knee extensors (9.42 ± 4.4%) (47). Surprisingly, even athletes participating in sports classified as symmetrical (i.e., long distance running) in this study presented small bilateral asymmetries of 5.42 ± 3.02%.
Although the asymmetries are not considered significant in this group, the asymmetries present in “symmetrical” athletes could be due to individualized execution of the
particular movement, or the athlete’s speed and fatigue levels during the examination.
Muscle asymmetries in all athletes should be evaluated regularly and corrected to prevent further limb imbalances from occurring (47). Having undiagnosed significant
limb asymmetry early in life could lead to worsening of this muscle imbalance over
time and eventually lead to physical functioning problems with increasing age.
The prevalence of muscle asymmetry is greater among older adults (48 49).
The concern with older adults is that if muscle asymmetry is present in young- or middle-age, age-related changes in muscle mass, specifically declines in lean mass associated with sarcopenia and lower physical activity levels, may exacerbate existing muscle asymmetries and lead to poorer outcomes in older age. This could include over-dependence on the dominant limb and the need for assistive devices (48, 49). The decline in lean mass and lower physical activity levels could contribute to the higher levels of asymmetry, which is typically defined as between limb differences of 15-20%,
observed in older adults (48).
Muscle asymmetry has emerged as an important risk factor to assess in older
adults, specifically in women. A study examining older women (n = 20, age range =6
8.8-80.5 years) (72) who experienced high levels of unexplained falls, found that these
women presented with lower limb muscular power asymmetries of almost 20%,
15

whereas non-fallers had levels closer to 10% (48, 72). Therefore, monitoring asymmetry levels in older adults is an important consideration, as its presence is associated
with lower limb pathologies and poorer outcomes (48).
Currently, there is limited information available assessing muscle asymmetry
in middle-aged participants. A study conducted with 12 physically active middle-aged
adults (age range = 32-65 years, 66% female) measured EMG activity of the tibialis
anterior, gastrocnemius, soleus, and peroneus longus through dorsiflexion and plantar
flexion and found significant differences in strength in the muscles of the dominant
versus non-dominant legs, specifically in the action of plantar flexion, of 18.3% (45).
The plantar flexors of the dominant leg were significantly stronger than the non-dominant side, indicating that these muscles may compensate during locomotion in middleaged adults (45).
In a study examining adults aged 30-79 years (n=348, 83% female), muscle
strength of the lower limbs was measured using an isokinetic cycle ergometer
(StrengthErgo 240),and the participant’s peak torque while pedaling for 60 seconds
was measured (52). No significant asymmetry was found in those aged 30 – 49 years,
but a significant difference (p = 0.03) between the dominant and non-dominant limbs
was noted in the 50–60-year-old age group (52). This study indicates that while asymmetry may not be significant at the start of middle-age, individuals should be monitored for changes in muscle strength between limbs to prevent possible injury or decreases in physical functioning across this life stage.
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As the prevalence of muscle asymmetry has primarily been studied among
young athletes and older individuals, fewer studies are available addressing this outcome in adults of middle-age (45, 52). More research is needed to conclusively determine the prevalence of muscle asymmetry in middle-age and its effect on physical
functioning during middle-age.
Associations between Muscular Asymmetry and Physical Function Performance
Loss of muscle mass and loss of the individual number of muscle fibers is
commonly associated with aging (51), and relatedly, poor physical function performance with advancing age is significantly associated with the muscular strength declines that occur from ages 30-40 (51). Due to the greater strength usually seen in the
dominant limb throughout an individual’s life, the age-related decline in muscular
strength generally causes muscular asymmetry to present itself as disproportionately
higher muscle strength in the dominant limb in both the upper and lower extremities
(51). This is typically due to greater repeated use of the dominant limbs throughout the
lifespan. In a study by Ditrolio and colleagues (51), 152 men and women between the
ages of 20-80 had maximal isometric strength of the knee extensors and maximal
handgrip strength measured on both sides of the body. A significant difference was
seen between dominant and non-dominant sides for handgrip strength for both men
and women (51). Although there was a significant difference in handgrip strength, the
lower extremities exhibited a greater decline in muscle mass than the upper extremities due to the larger amount of muscle found in the legs (51).
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Women typically experience a greater overall reduction of muscle mass with
increasing age, particularly in the type II fibers and decrease is attributed to the loss in
the number of individual muscle fibers (70). The atrophy of the fast-twitch fibers is
significantly associated with the decline in strength and power seen with age (50, 52,
73); this can lead to a higher incidence of accidental falls and difficulties performing
activities of daily living involving muscular power such as stair climbing or rising
from a chair (73). Type II fibers are responsible for producing more dynamic force at a
faster rate, and both the amount of force produced and the rate at which the fibers fire
are important factors in determining an individual’s physical function performance.
Even though it is well established that women generally generate lower muscular
strength than men due to lower levels of overall muscle mass (59, 72), the demands of
physical tasks that must be performed every day, such as stair climbing or rising from
a chair do not differ based on sex. This lower level of muscular strength puts most
women at a lifelong disadvantage and may be why women report limitations in completing activities of physical functioning five years earlier than men (51).
Possessing muscle asymmetry could hinder activities of daily living such as
walking and activities requiring balance such as lifting and carrying (48). It has been
shown that leg asymmetry is related to propulsion and balance control during locomotion (48). Muscle asymmetry is not only an important factor in physical functioning
but may be useful to examine when rehabilitating lower extremity injury (45). In a
study performed by Valderrabano et al. (45), 12 healthy middle-aged adults (8 female,
4 male, age range: 32-56) had peak torque and EMG activity measured during maximal plantar flexion and dorsiflexion (45). Strength between the dominant and non18

dominant legs were compared in participants, and there was a significant reduction in
strength (18.3%) in isometric plantarflexion torque in the non-dominant leg and a nonsignificant, 10%, reduction in strength in the isometric dorsiflexion torque of the nondominant leg (45). This could be due to the muscle fiber distribution, indicating those
of middle-age may possess lower numbers of type II fibers in these muscles. These
findings suggest it may be useful to include anaerobic type II muscle fiber training
when aiming to rehabilitate a lower extremity injury in those of middle-age (45).
Known Correlates of Physical Function Performance
Age:
As of 2020, there are approximately 103 million adults between the ages of 4065 living in the United States (51% females) (88). The chronic non-communicable diseases associated with aging, such as cardiovascular disease, diabetes, dementia, and
cancer, are related to a loss of independence (85). In the United States, there are over
49.1 million adults over the age of 65 as of 2012, and this number is expected to
nearly double by the year 2040 (27). Within this older population women outnumber
men (24.3 million to 18.8 million) and have an estimated 20 additional years of life
expectancy after 65 (27). As age is a known correlate of functional decline, this indicates that the United States will face a crisis due to a greater number of older adults
experiencing declines in physical independence.
The prevalence of functional limitations increases with age, the CDC reported
that in 2018, the number of adults currently living in the United States aged 18-64
with “some difficulty” in one of the six domains of physical function (seeing, hearing,
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mobility, communications, cognition, or self-care) was 63.9%, and a lot of difficulty
or cannot perform at all was 6.7% (87). The number of older adults reporting functional limitations is estimated to be 45.6% in the “some difficulty” category, and 23%
in the “a lot of difficulty” or “could not complete at least a task” category (87). These
statistics indicate limitations in physical functioning are highly prevalent before “old
age” is reached, and the severity of physical functioning limitations increases with age
(87). In a secondary data analysis performed by Lee et al. (86) 5,991 adults with prediabetes over the age of 51 had their physical function assessed through subjective questionnaires on the ability to complete activities of daily living (bathing, dressing, transferring, toileting, or eating) and higher physical functioning items based on Rosow,
Breslau and Nagi tasks (86). Adults with prediabetes were 23% more likely to experience falls, and 84% reported difficulty with running 1 mile; 47% with stooping, kneeling, or crouching; and 46% with climbing several flights of stairs (86).
Older women (age 65+) are at greater risk than older men for poorer physical
function due to lower levels of physical activity, greater levels of fat mass and lower
levels of lean mass, and lower muscle quality (27). Maintaining physical function as
one ages is vital in preventing the physical disability, need for assisted living, and
mortality associated with older adults (27). Therefore, researchers must understand the
contributions of additional confounding factors to physical function, including physical activity levels, body composition, muscular performance, and muscle quality is vitally important.
Physical Activity Levels:
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Levels of physical activity among middle-aged women are less than satisfactory, with only one-half meeting aerobic fitness recommendations, 150 minutes of
moderate-vigorous activity per week, and less than a quarter meeting resistance training guidelines (2). Cross-sectional research has demonstrated independent and significant associations between physical activity levels and physical function performance
(2, 39, 79). Specifically, better physical function performance in middle-aged females
is associated with higher physical activity levels (39). In a study performed by WardRitacco and colleagues (39) with 80 middle-aged women (40-65 years), physical activity accelerometers were worn on the hip for 7-10 days to measure minutes spent in
moderate to vigorous physical activity and physical function was assessed using the
seated transfer task, 8 foot timed up and go, 6 minute walk test, 30-second chair rise,
and the lift and carry and were measured (39). The findings indicated that higher physical activity levels were associated with higher levels of physical function performance
on all tests, except the lift and carry task (39). Although this study measured minutes
spent in moderate or vigorous physical activity (MVPA), the number of steps per day
was a stronger predictor of increased functional performance (39), indicating that a
step goal may be a more effective and more easily administered intervention when
aiming to increase physical activity levels among middle-aged women.
Along with the decrease in overall physical activity, women in middle-age experience physiological changes, specifically the onset of menopause which is associated with increased levels of fat mass and decreased muscle mass, strength, and power
(75). These changes in body composition are correlated with the decline in physical
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activity level, all of which are associated with a decline in physical function performance (75). In a study by Ward-Ritacco et al. (75), women aged 40-65 (n=64) had
their objective physical activity measured using an accelerometer (number of steps,
and MVPA), and physical function assessed using an objective battery of assessments
(timed up and go, 30-second chair stand, and 6-minute walk test). The study found that
higher levels of physical activity, measured in steps per day and minutes of MVPA,
had a positive association with performance on physical function tests (75). The number of steps per day was also independently associated with the 6-minute walk test
performance (75). This indicates the importance of participating in aerobic fitness activities during middle-age. Additionally, the benefits of solely accumulating steps per
day is that this may be easier to accomplish for individuals who struggle to accumulate
minutes of MVPA, and still provide meaningful benefits for physical function.
While there are acute associations between physical activity and physical functioning among middle-aged women, there is also an association between physical activity levels and physical functioning over time. A longitudinal study was performed
in Australia with young (n= 5087, age range=18-23), middle-aged (n=8092, age
range= 45-50), and older women (n=3001, age range= 70-75) over 14 years (79).
Physical activity and physical function were measured using self-report measures and
reported that physical activity levels were an important predictor of physical function
in both older and middle-aged women (2, 79). Participants who were less active during
the younger cohort possessed lower physical functioning scores over the next 14 years
(79). Although physical activity interventions for middle-aged adults have not been
studied extensively, it has been proposed that as little as five minutes of moderate to
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vigorous activity per day can improve grip strength, chair stand and gait speed scores
(2). Due to the importance of engaging in even a small amount of physical activity, elements needed to implement a successful intervention involving aerobic and resistance
training for middle-aged women needs to be further investigated. While no ideal
mode, intensity, or duration of physical activity has been established for maintaining
or improving physical function during middle-age, a higher number of steps/day and
increasing minutes of moderate to vigorous physical activity has had a beneficial effect on physical functioning (39, 79).
Body Composition
The impact of body composition on physical function is an area of interest
among researchers, as higher levels of body fat and lower levels of lean mass have
been found to be independently associated with functional performance (27, 77). The
association between physical function and body composition emerges with increasing
age, due to the increasing levels of lean muscle mass to higher levels of adiposity
across the lifespan (27, 77). As individuals age, they typically demonstrate higher and
poorer BMI levels and reduced mobility and functional capacity (8). BMI progressively increases with age in women. While a higher BMI typically reflects a higher
percentage of body fat, body fat mass will still increase at an average of 1.9 kg per
decade even with a fixed BMI (74). Body fat levels steadily increase from age 20 to
age 70, with women possessing a 10% greater fat mass than their male counterparts
(11). Fat mass gains with age can be mitigated by possessing higher levels of fat free
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mass during adolescence, this will cause more muscle mass to be maintained later in
life (11).
While aerobic physical activity in middle and older age does not significantly
influence levels of fat free mass, resistance training may be able to moderately increase levels (11). It is estimated there is about a 4kg loss of muscle mass, mostly
from the lower extremities, from ages 50-89 (11). A study performed with older adults
indicated that while aerobic physical activity had no effect, resistance training was
able to modestly increase fat free mass by 1 kg (11), indicating the effectiveness of resistance training as an intervention for preserving and increasing lean mass.
While there have been a multitude of studies performed on body composition
in those of older age (77), there is less data available on those of middle-age, specifically middle-aged women. With increases in fat mass being seen as early as the twenties it is vital to understand the associations between the changes in body composition
and physical functioning earlier in life. In a cross-sectional study performed by WardRitacco and colleagues (39), 80 females aged 40-64 were examined to determine the
effects of lean mass and percent body fat on physical function performance. Body
composition was assessed using the DXA and physical functioning was assessed using
the seated transfer task, 30-second chair stand, 6-minute walk test, the 8-foot timed up
and go, and the lift and carry test. Participants also had physical activity measured for
7-10 days using an accelerometer (39). The results of this study indicated that increased adiposity is negatively associated with physical functioning scores in middleaged women, with a higher percent body fat correlating to poorer scores on the seated
transfer task, 30-second chair stand, 6-minute walk test, and the 8-foot timed up and
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go (39). This indicates diet and exercise-based interventions to decrease levels of adiposity in middle-aged women may be an effective method for potentially improving
physical function and preventing further health issues as these women approach older
age.
When examining body composition in middle-aged women it is important to
consider the onset of menopause, as hormonal fluctuations during menopause can contribute to an increase in fatty tissue, a decrease in lean mass, and changes in total body
water (71). Dmitruk and colleagues examined the differences in body composition in
312 women aged 38-75 years old classified into three groups, premenopausal (n=69,
age= 44.48 ± 2.22), perimenopausal (n= 45, age= 48.75 ± 1.75), and postmenopausal
(n= 198, age= 66.59 ± 6.69) (71). Body composition was measured using skinfolds
and bioelectrical impedance. Analysis determined waist circumference increased with
age from 83.58 cm to 88.29 cm, indicating greater levels of trunk adiposity after menopause (71). The postmenopausal group also exhibited the highest percentage of body
fat, lowest lean body mass, and the lowest amount of total body water (71). While
women in the premenopausal and perimenopausal groups were considered overweight
or obese (around 40% in each group), over 40% of postmenopausal women exhibited
visceral obesity (71). This shift in fat mass from the gluteal and thigh region to the
trunk towards the end of middle-age is concerning due to the greater number of health
risks associated with increased levels of visceral adiposity (71). Therefore, it is pertinent for women of middle-age to incorporate physical activity and an overall healthy
lifestyle to mitigate the increases in fat mass seen after menopause and lower their risk
of developing limitations in physical functioning.
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Muscle Strength
Muscle strength is defined as the amount of force a muscle can produce with a
single maximal effort (80). Muscular strength is often measured using peak torque
during an isokinetic test, which asks participants to push and pull as hard as they can
at a predetermined speed over an established range of motion allowing for the measurement of peak torque which represents the maximal muscle strength of an individual
(8, 9). As age increases, Type II muscle fibers typically atrophy (72). Smaller muscle
size and other age-related factors, including reduced physical activity, higher levels of
fat mass, and reduced muscle quality are associated with decreased power output, decreases in muscle strength, and increases the risk of falling (50). Women in particular
experience a steeper decline in muscular strength with aging than men due to the increase in tendon laxity caused by the difference in collagen structure in the tendon
caused by the presence of estrogen (50). In addition to the tendon laxity experienced
by women, there is a steep decline in estrogen levels seen with the onset of menopause, while it is not clear if these low estrogen levels directly cause a loss in muscle
strength, they are associated (78).
Longitudinal studies show that as age advances, there is a larger decrease in
muscular strength and mass than in cross-sectional studies, meaning age-related
changes are usually underrepresented in these types of studies (59). In particular, the
level of muscular strength in the knee extensor muscles is an important predictor of
the level of independence and survival rate as an individual ages (59). A longitudinal
study by Frontera and colleagues (59) with nine male participants who were tested at
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baseline and at follow-up 12 years later. At baseline, all subjects participated in a muscle strength protocol, which was done again at follow-up. Muscle strength was measured using an isokinetic dynamometer, knee extensors and flexors were assessed at 60
and 240 degrees/second and elbow flexors and extensors were assessed at 60 and 180
deg/sec (59). A CT scan was used to measure the cross-sectional area of the thigh and
a muscle biopsy was taken of the vastus lateralis to determine the percentage of type 1
versus type II fibers (59). A significant loss in muscle strength (23.7-29.8%) from year
1 to year 12, was found in both the knee extensors and flexors at both velocities tested
(59). There was also a significant reduction of 12.5-16.1% seen in all muscles of the
thigh (59). Finally, there was a decrease in the number of type I fibers but no significant decreases in type II fibers or in the area of either fiber type (59). These findings
indicate that even seemingly healthy individuals need to participate in more resistance
and aerobic training to prevent sarcopenia and decreased physical functioning as age
increases (59).
A study examining large samples of older community-dwelling individuals
aged 70-79 concluded that higher levels of knee extensor strength are negatively associated with muscle fatigue (8). This indicates that older individuals with greater peak
torque levels may fatigue more easily due to lower resistance to fatigue exhibited by
type II muscle fibers and their associated motor neurons. Greater muscular fatigue
may then be associated with reduced capacity for activities of daily living requiring
aerobic capacity such as stair climbing and walking (8).
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A study was conducted with men and women in each decade from their 20s to
70’s to determine peak torque of knee flexors and extensors during isokinetic and isometric contractions (53). Isometric peak torque significantly decreased for both men
and women between the ages of 60-70 years. While there were no differences observed between left and right limbs, isokinetic peak torque significantly decreased in
men from ages 20-30 years and in women from ages 40-50 years (53), indicating the
need to potentially examine changes in muscle strength at middle-age as a potential
risk factor for developing physical function limitations as age advances.
In a study conducted by Spzala et al. (50), the peak torque of the knee flexors
and extensors of the lower limbs were compared in a group of women in their 20s to a
group of women in their 60s. Electromyographic (EMG) signals were used to measure
maximum EMG signal and an isokinetic dynamometer evaluated peak torque, rate of
torque, relative force, and the flexor-extensor ratio of the lower extremities. The older
women generated lower scores than the young women for all measures, demonstrating
poorer muscular performance. Additionally, the older group exhibited asymmetry in
both peak torque and the flexor to extensor ratio in the lower extremities (50). The
asymmetry indicates a higher risk of injury, and the decreased muscle strength of the
knee flexors should be included as a risk factor when assessing fall risk in the elderly
(50).
While physical activity is associated with physical functioning tasks (75),
Straight and colleagues (76) sought to determine the effect of physical activity on
muscle strength and power in postmenopausal middle-aged women. Sixty women
aged 40-65 had their physical activity measured using an accelerometer worn on the
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non-dominant hip. Women had to wear the device for at least 10 hours a day and for at
least four days to be included in the study. The number of steps and minutes of moderate to vigorous physical activity (MVPA) were determined by the accelerometer (76).
Muscle strength of the knee extensors and flexors was measured using an isokinetic
dynamometer to determine peak torque. Muscle power was measured using the Nottingham power rig and peak values obtained for both the left and right leg were
summed (76). The study found that both step count and MVPA are independently associated with the isokinetic muscle strength and muscle power in middle-aged women
(76). Women who achieved greater than 10,000 steps per day had 16-21% greater
knee torque and women who accumulated more than 30 min/day of MVPA had 1729% greater knee torque and 20% greater muscle power than their counterparts who
did not meet the ACSM guidelines (76). This indicates the importance of participating
in both aerobic and resistance training activities during middle-age to preserve muscle
strength and power. While it is clear that muscle strength decreases due to decreases in
the number of individual fibers with age, there is no current agreement on which fiber
type is predominantly lost and no established guidelines for preventing or improving
upon the strength detriments seen in middle and older age beyond those provided by
the Physical Activity Guidelines for Americans.
Muscle Quality:
Muscle quality is a unique measure because it normalizes one’s muscular capacity (strength or power) to available muscle mass, indicating the muscle’s ability to
adapt to its environment as age advances (81). This is an important factor to consider
when assessing physical function due to the progressively disproportionate levels of
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decline seen in muscle mass, strength, and power with age. Muscle mass appears to
decline at a faster rate than muscle strength, but at a slower rate than muscle power
(81). In order to accurately measure muscle quality, the three components need to be
accurately measured; muscle mass should be assessed through body imaging, anthropometry, or bioimpedance (81). Muscle strength should generally be a measure of the
lower limb, with knee extensors and flexors being the most common, and a one repetition maximum test of dynamometry should be performed (81). Finally, when assessing muscle power various methods can be used depending on the population; a
Winagte anaerobic test, percentage of the one repetition maximum, or the 30-second
chair stand test can all be administered (81). There is no standardized protocol to assess muscle quality, but a combination of methods listed above would provide the research team with the most accurate measure of an individual’s muscle quality. In
terms of physical function, a linear association has been found between body composition and muscle quality, indicating that greater levels of fat mass and lower levels of
lean mass produce a muscle of lower quality in the aging individual which is then related to poorer physical function (27).
A study with middle-aged women by Ward-Ritacco et al. (75) found that muscle quality was independently associated with physical function performance. Postmenopausal women (n=91) aged 45-60 had their muscle quality assessed; muscle
mass was assessed using a DXA scan, muscle strength of the knee extensors and flexors was assessed using isokinetic dynamometry, and muscle power was measured using the Nottingham power rig (75). Physical function was objectively measured in
subjects using the timed up and go, 30-second chair stand, and 6-minute walk test. The
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muscle quality calculated using strength was independently related to the 30-second
chair stand and 6-minute walk test performance, tasks associated with greater muscle
endurance. The muscle quality calculated using power was independently associated
with the timed up and go task, a task requiring more speed and power. The results of
this study indicate that muscle mass and the ability to generate appropriate muscular
strength and power are vital to optimal physical functioning in middle-age (75).
As there is limited information examining muscle quality and physical function
in middle-aged individuals, examining the literature in older adults allows us to understand the associations between these variables more fully. Misic et al. (82) performed
a study examining the association between muscle quality and lower extremity physical functioning (LEPF) on 55 older adults (19 men, 36 women, aged 69.3±5.5 years,
range 61–83 years). Muscle quality was assessed by the relationship between muscle
mass, measured by DXA, and muscle strength of the knee extensors and flexors, assessed by isokinetic dynamometry (82). LEPF was assessed using the Berg Balance
Scale, timed up and go, 7-meter walk, and 7-meter walk with an obstacle. The study
found that muscle quality had the greatest association with the measures of LEPF, especially walking tasks (r range = –0.54 to –0.65, all p< 0.05) (82). While aerobic fitness and muscle strength were also associated with LEPF, muscle quality is still the
best predictor of physical function in individuals of older age, indicating tests of muscle quality should be routinely performed.
In a secondary data analysis performed by Straight and colleagues (27), 96
women over the age of 65 were recruited to determine the relationship between adiposity and muscle quality on lower extremity physical functioning. Subjects had their
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body composition assessed using DXA and muscle power determined using leg extension power. A muscle quality index was calculated by taking leg extension power and
normalizing it for the lower body lean mass (27). A lower extremity physical function
score was calculated using the 6-minute walk, 8 foot up and go, and 30-second chair
stand tests and the results of this analysis found that muscle quality was the largest significant contributor to physical functioning performance in older women. Muscle quality accounted for 24% of the variance seen in the lower extremity physical functioning
scores (27), indicating that muscle quality is likely a more appropriate variable to examine when assessing contributors to physical function than muscle mass or absolute
muscular strength or power independently. The measurement of muscle quality would
be preferred due to factors that cannot be examined with measures with muscle mass
or absolute strength and power, such as motor unit recruitment and discharge, and individual differences in cross sectional area of muscle fibers or the whole muscle (27).
Therefore, interventions designed to improve muscle quality should be designed to aid
in the improvement of physical function.
In a secondary data analysis using data from 38 older (65-80 years) women
with obesity, Straight and colleagues (69) found that an exercise and diet-based intervention designed to decrease body mass and increase muscle quality effectively increased lower extremity physical function. The women completed three, 75-minute
exercise sessions per week for six months that included a combination of aerobic, resistance, flexibility, and functional training exercises. The diet intervention consisted
of either a high protein or moderate protein option with a 500 k/cal per day restriction.
Body composition was measured using a DXA, muscle quality was assessed using
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strength measured with isokinetic dynamometry normalized for lean mass, and the 6minute walk test, 8 foot up and go, 30-second chair stand, and transfer task were used
to determine lower extremity physical function ability (69). After six months, there
was an 8.8% increase in muscle quality and a clinically meaningful weight loss of
9.6% among participants (69). The increase in muscle quality was determined to be
the most meaningful factor in improving lower-body physical function scores, as muscle quality was found to account for 34% of the improvement seen in the lower extremity physical function scores and 13% of the improvements were a result of decreasing body fat levels (69). This indicates that older women with obesity can effectively improve physical functioning while undergoing a weight loss and exercise program. This approach could also be effective when applied to overweight or obese
women of middle-age with physical function limitations.
While other factors such as age, body composition, physical activity, and muscle strength are significantly associated with physical functioning, muscle quality appears to have the greatest effect on all physical functioning measures in middle and
older age (27, 69, 75 81, 82). The magnitude of effect found by this measure indicates
muscle quality, including measures of muscle mass, strength, and power, should be included when performing physical function testing (81). The measure of muscle quality
would provide researchers and practitioners with valuable information that could be
used to design an intervention for an individual with poor physical function.
Conclusion:
In general, middle-aged women are underrepresented in research examining all
lifestyle areas due to factors such as pregnancy, menstrual cycles, and the hormonal
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fluctuations seen in menopause, and the challenges posed by controlling for these variables (12, 71, 75). existing literature indicates that age, body composition, physical activity level, muscular strength, and muscle quality all have a confounding effect on
physical function in women of middle-age (27, 71, 75, 76, 82). However, the relationship between muscular asymmetry and physical functioning in women during middleage is unclear and understudied. There is no established cut point to use when assessing asymmetry in individuals of middle-age, and while it is clear asymmetry is
prevalent in individuals of middle-age, its effect on physical function is unclear. Thus,
a better understanding of any adverse changes caused by lower-limb muscle asymmetry in middle-age could aid in establishing prevention or treatment during this period. The present study will add to the existing literature on physical function by examining the previously unstudied association between muscle asymmetry and already
established objective measures of physical function.
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CHAPTER 3
METHODOLOGY
Study Design
This study is a secondary data analysis of data from The Women’s Health Improvement Initiative (WHII), a cross-sectional observational study conducted at the
University of Rhode Island from 2017-2019. This study was conducted under the direction of Primary Investigators, Christie Ward-Ritacco, PhD and Natalie Sabik, PhD.
Data were collected on two visits, with 7-10 days between visits, with informed consent and physical function testing completed first during visit one. In-between visits,
physical activity was measured during all waking hours using a hip-worn accelerometer (Actigraph GT9XLink, Pensacola, FL) and physical activity log. During the second
visit, DXA was utilized to measure body composition and isokinetic dynamometry
(Biodex Isokinetic System 4 dynamometer) was used to assess muscular strength (isometric knee strength and isokinetic knee extension/flexion at 60 degrees per second
and 180 degrees per second) and muscular fatigue during knee extension/flexion.
Participants
One hundred and twenty participants were recruited for the primary study. This
sample size is similar to those used in studies examining physical function in this age
group (8, 39) and was determined to provide adequate power to detect a medium effect
size of 0.3 with significance set at a p-value of 0.05 (G Power). Participants were recruited through word-of-mouth, social media postings, and flyers posted at the University of Rhode Island and the surrounding area. Inclusion criteria included being a
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woman aged 40-64 years of age, having the ability to speak and read English, being
willing to undergo a DXA scan, living independently, and having a BMI between
18.5-45.0 kg/m . Exclusion criteria included answering affirmatively to disqualifying
2

questions on the PAR-Q, a Mini Mental State Examination (MMSE) score of below
25, being a smoker, being pregnant, weight instability (>5-pound changes in body
weight over the past 3 months), and any pre-existing conditions that would not have
allowed for the study to be completed safely. Uncontrolled chronic obstructive pulmonary disease, uncontrolled diabetes mellitus type I or type II, and a recently experienced cardiovascular event were identified as conditions that would not prevent safe
completion of the study.
Methods of Muscular Strength and Quality Assessments
Torque across different velocities, reflecting muscular strength and muscular
fatigue, was assessed by the Biodex Isokinetic Dynamometer (System 4, Shirley NY
USA), a validated system of measure (10). When isokinetic peak torque and work are
assessed, in knee extension and flexion especially, isokinetic dynamometers have a
high test-retest reliability (9). After each task on the Biodex, exertion was assessed using rating of perceived exertion (RPE), pain and fatigue scales. The seat height and
chair straps were adjusted for each participant. The dynamometer’s axis of rotation
was aligned with the lateral femoral condyle, with the skin strap adjusted to be proximal to the medial malleolus. A bend of 90-degrees in the knee was ensured using a goniometer. The participant’s range of motion (ROM) was then set on the Biodex by the
test administrator.
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Bilateral knee strength of the participants was assessed through isokinetic
knee flexion and extension at 60 degrees/second and 180 degrees/second, with two
sets of 4 repetitions at each speed. The trials from the muscular strength assessment
that had the greatest torque from the right and left sides were summed to calculate the
peak torque. Participants were randomly assigned to begin testing with either the right
or left leg for lower limb strength and fatigue assessments.
Muscle quality was calculated as muscle strength divided by the amount of
lean mass found in the upper leg (81). The sum of the upper leg lean mass was used
for both legs to assess muscle quality: 1) Isokinetic-60 normalized for upper leg lean
mass (MQ-60) and 2) Isokinetic-180 (MQ-180) normalized for upper leg lean mass.
Asymmetry Assessment
Based on work by Bishop et al. (1), the asymmetry equations shown in Table 1
are those most commonly used. Bilateral strength asymmetry can be assessed using
the Limb Symmetry Index (LSI-2), Bilateral asymmetry index 1 (BAI-1), Bilateral
asymmetry index 2 (BAI-2), and Asymmetry Index (AI) equations (1). The LSI-2
equation was used with young (28.3± 5.3 years), male basketball players who performed isokinetic testing of the knee extensors and flexors using isokinetic dynamometry (34). The BAI-2 equation was validated by Wong et al. (35), with young, male
soccer players where the plantar pressure of each foot was measured, and asymmetry
was calculated as a percentage (35). The AI equation has been used with male and female cyclists (30±7 years) to calculate the asymmetry from peak torque obtained during pedal revolutions (36). The BAI-1 equation has been previously utilized with col-

37

lege-aged males (23±1 years) when performing knee flexion and extension using isokinetic dynamometry and during single-leg jumps (38). The BAI-1 equation produces
smaller asymmetry scores than the other equations, but it is useful if measuring asymmetries over time (1). Finally, the SA equation uses a reference value of 45 degrees, as
opposed to the dominant leg; this should prevent the strength of the dominant leg from
affecting the asymmetry value obtained from the weaker leg (37). While there are additional asymmetry equations available, these five equations were determined to be the
most useful by Bishop and colleagues (1). In these equations, the non-dominant limb
is denoted as NDL, and the dominant limb as DL (Table 1). The standard value for determining muscular asymmetry is a greater than 10% difference in strength between
limbs in children and young adults (7). In older adults, this value is set at a difference
of 15-20% (4). For middle-aged individuals, the most applicable cut point used to
identify muscle asymmetry has not been well established, so these will be used as reference points when assessing the presence of asymmetry.
Physical Function Assessments
The physical function of participants was measured through several objective
assessments. A lower extremity physical function composite score (LEPF-CS) was
also calculated. Consistency and inter-rater reliability were ensured among the research team members by utilizing a set script when performing assessments. The physical function measures included the Transfer Task, 8 Foot Up and Go, 30 second chair
stand, 6-Minute Walk Test, and Lift and Carry. Standardized equipment used included
cones, an armless chair, tape, a surveyor’s wheel, a stopwatch, a mat, a crate with a
10-pound weight, and a 3.5-foot shelf. A rest time of two minutes was given between
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each task to ensure any fatigue accumulated from one assessment would not interfere
with the following activity. Relative exercise intensity for each task was measured using a rating of perceived exertion (Borg Scale 6-20) (16) and pain and fatigue scales
(0-10). Participants were instructed to work to their best ability, and a second trial of
activity was an option if the participant felt they could improve upon their initial performance.
•

Transfer task: Participants stood on a mat and were instructed to sit down on
the mat as quickly as possible, and then safely return to a standing position.
The time it took to go from standing to standing was recorded. Physical function, in terms of floor transfer ability, was reliably and validly measured with
the transfer task (18).

•

8 Foot Up and Go: An armless chair was placed against a wall with a cone
placed 8 feet in front of it. The participant was asked to stand up, without using
the armrests, walk as quickly as they can around the cone, and sit back down.
The time passed from when the participant stands up to when they sit back
down was recorded. Fall risk and functional performance have both been assessed reliably and validly using the 8 Foot Up and Go test (20).

•

30-second chair stand: An armless chair was set up against the wall. The participant was asked to go from a seated position to a standing position as
quickly as possible and perform as many repetitions as possible in 30 seconds.
Participants were told to only use their legs to stand, and not to use the armrests or their arms. The number of repetitions performed in 30 seconds was
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counted and recorded. The 30-second chair stand test is a valid measure for assessing lower body strength (21) and frailty (22).
•

6-minute Walk Test: The participant was asked to walk as quickly as possible
for 6 minutes using a 30-meter course. A tally of the number of times the participant passed each cone, which marks the start and end of the course, was
recorded to determine the total distance walked. Participants were given encouragement and were allowed to take breaks if needed, with the clock still
running. Any partial distance covered was measured with a surveyor's wheel at
the end of the test and total distance covered was recorded [(distance of each
pass * total number of passes) + partial pass distance]. Physical endurance and
physical function in an older population is a valid measurement using the 6 Minute Walk Test (23).

•

Lift and Carry: For this test a 3.5-foot shelf is placed against a wall, with a
strip of tape placed 10 feet away from the self. The course started where the
tape was placed, a crate with a 10-pound weight inside was placed on the
ground. Participants were asked to pick up the weighted crate, walk to the
shelf, place the crate on the shelf, remove hands, pick the crate back up and
walk to the start, and finally, place the crate back on the ground and repeat this
action 5 times. Time taken to complete all five trials was recorded. Functional
capacity is validly measured using the lift and carry task (24).

•

Lower extremity physical function composite score (LEPF-CS) (10): The
LEPF composite score used the results from the transfer task, 8-foot-up-and-
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go, 30 second chair stand, and the six-minute walk test. Z scores were calculated using SPSS statistical software. For the 8-foot-up-and-go and the transfer
task a lower time was indicative of a better score, so the inverse of the Z score
will be needed for these two tests. The LEPF-CS is the sum of all four Z
scores.
Physical Activity Assessment
An Actigraph (GT9XLink) accelerometer (ActiGraph, LLC, Pensacola, FL,
USA) was worn on the participant’s hip for 7-10 days between visit 1 and visit 2. Participants were asked to wear the accelerometer during all waking hours, except for
when bathing or swimming. Participants also tracked their physical activity by using a
written log and the values recorded in the log were cross-checked with the accelerometer to determine if all bouts of physical activity were recorded by the accelerometer.
Participants also reported bouts of resistance training using this log as well.
Physical activity measurements obtained by Actigraph triaxial accelerometers
have been validated with comparisons to measures of oxygen consumption (19). The
GT9X link accelerometer has improved validity in assessing energy expenditure compared to previous Actigraph models, as it combines a triaxial gyroscope, triaxial magnetometer, thermometer and a triaxial accelerometer (25). Total steps per day, total
minutes of physical activity per day, and total minutes of moderate to vigorous physical activity per day were used to measure the participant’s physical activity levels.
Body Composition Assessment
Participants had their body composition measured using dual energy x-ray absorptiometry (DXA) (GE Lunar iDXA, Waukesha, WI, USA). DXA is a validated
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method for assessing whole body and regional body composition (17). All jewelry was
removed, and participants were asked to change into scrubs if their clothing contained
reflective material, zippers, buttons or similar. A pregnancy test was taken by the premenopausal participants to ensure the absence of pregnancy. In compliance with
Rhode Island mandated laws, a qualified professional performed the DXA scan.
Statistical Analysis:
IBM SPSS statistical analysis software (Version 27) was used for data analysis. A p-value of <0.05 was used to determine statistical significance. Descriptive statistics were calculated and analyzed for normality. Frequencies were calculated for
categorical variables, and summary statistics (e.g., mean, standard deviation) were calculated for continuous variables. Muscular asymmetry was evaluated using the five
equations established by Bishop et al. (1) as seen in Table 1. Prevalence of muscular
asymmetry per equation was also determined at preestablished cut points of 10% and
15%. Pearson’s correlation analysis was utilized to examine if measures of muscle
asymmetry were significantly associated with individual measures of physical function
and the LEPF composite score. Two groups of participants were formed using a 10%
cut point with the LSI-2 asymmetry calculations at 180 deg/sec: 1) normal (10%) and
2) asymmetrical (≥10%)). To examine differences between the two groups, a series of
independent samples t-tests was utilized.
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CHAPTER 4
FINDINGS
There were 180 women screened for eligibility for the current study. Eleven
were deemed ineligible due to being a smoker (n=2), not living independently (n=1),
having a BMI over 40 kg/m or weight instability (n=7), or severe musculoskeletal dis2

order (n=1). Thirty-eight women did not respond to follow-up contact, leaving 131 eligible participants. Four of these eligible participants did not attend visit 1 and two did
not complete visit 2 due to time availability. Nine were excluded from data analysis
due to missing data. Therefore, 116 participants were included in the final analysis.
Participant characteristics, including physical function performance, and muscular strength performance, are included in Table 2. The average age for the sample
was 52.9 (±6.1) years old with a BMI of 26.5 (±5.2) kg/m . Participants averaged
2

32.51 (± 24.25) minutes per day of MVPA and 8268 (± 3327) steps per day, with
68.2% of the sample meeting ACSM physical activity guidelines of 150 minutes of
MVPA per week. Twenty-four percent (n=28) of the sample reported participating in
resistance training, while 13.8% (n=16) of the sample met the ACSM resistance training guidelines of twice per week.
The average asymmetry using the LSI-2 equation was 11.17±9.21% at 60
deg/sec and 11.63±10.07% at 180 deg/sec. The BAI-1 and BAI-2 asymmetry values
were 6.13±5.62 % and 12.26±11.25% at 60 deg/sec, and 6.5±2.23% and 13±12.43% at
180 deg/sec, respectively. Asymmetry using the AI equation was 7.88±6.98% at 60
deg/sec and 8.33±7.68% at 180 deg/sec. Finally, the SA equation value was
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3.88±3.52% at 60 deg/sec and 4.11±3.88% at 180 deg/sec (Table 3). Table 4 illustrates
the number of participants identified as having muscular asymmetry when using each
of the possible muscular asymmetry equations and the ≥10% and ≥15% cut points.
Table 5 shows the descriptive characteristics of two groups formed using a
10% cut point with the LSI-2 asymmetry calculations at 180 deg/sec: 1) normal (10%)
and 2) asymmetrical (≥10%). No significant group differences were identified in the
demographic characteristics, including age, BMI, %fat, and physical activity level (all
p < 0.05). Additionally, physical function performance was not significantly different
between those with muscular strength asymmetry and those without (all p > 0.05).
Finally, a bivariate correlation analysis was performed to evaluate the strength
of the associations between measures of age, BMI, % body fat, MVPA, steps per day,
muscle strength at 180 deg/sec, muscle quality at 180 deg/sec, and physical function
(Table 6). Muscle asymmetry was not significantly associated with physical function
performance. The 8-foot up and go (8-UG) was significantly associated with BMI
(r=0.21), MVPA (r= -0.23), steps/day (r= -0.24) (all p≤0.05) and % body fat (%BF)
(r=0.21, p<0.01). The 30-second chair stand was significantly associated with muscle
strength of the right leg at 180 deg/sec (MS-R@180) (r=0.19, p≤0.05), BMI (r= -0.25),
%BF (r= -0.33), MVPA (r=0.31), steps/day (r=0.32), muscle quality of the right leg at
180 deg/sec (MQ-R@180) (r=0.31), and muscle quality of the left leg at 180 deg/sec
(MQ-L@180) (r=0.29) (all p<0.01). The 6-minute walk test was significantly associated with MS-R@180 (r=0.21, p≤0.05), BMI (r= -0.46), %BF (r= -.047), MVPA
(r=0.38), steps/day (r=0.39), muscle strength of the left leg at 180 deg/sec (MSL@180)(r=0.24), MQ-R@180 (r=0.39), and MQ-L@180 (r=0.38) (all p<0.01). The
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lift and carry task was significantly associated with steps/day (r= -0.24, p≤0.05), BMI
(r=0.25), %BF (r=0.26), MVPA (r= -0.26), MS-R@180 (r= -0.27), MS-L@180 (r= 0.29), MQ-R@180 (r= -0.33), and MQ-L@180 (r= -0.32) (all p<0.01). Finally, the
LEPF-CS was significantly associated with BMI (r= -0.39), %BF (r= -0.503), MVPA
(r=0.37), steps/day (r=0.39), MS-R@180 (r=0.29), MS-L@180 (r=0.31), MQ-R@180
(r=0.41), and MQ-L@180 (r=0.39) (all p<0.01)
As muscular asymmetry values were not significantly associated with
measures of physical function based on the Pearson correlation analysis, no further
analyses (i.e. linear regression) between these variables were conducted.
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CHAPTER 5
CONCLUSION
The present study examined the association between lower-extremity muscle
asymmetry and physical function performance in middle-aged women. There is little
research with women during middle-age due to factors such as the onset of menopause
(12, 71, 75, 78), the hormonal fluctuations associated with menopause, and due to the
long-standing exclusion of women from clinical research (12). This lack of research is
concerning as menopause is associated with increased fat mass and decreased muscle
mass, strength, and power, which are negatively associated with physical function performance (75). This study expands the literature as it furthers our understanding of
physical function in middle-aged women and examines the prevalence of muscular
asymmetry in an unexamined population.
The study results do not support the primary hypothesis. Lower limb muscle
asymmetry was not significantly associated with objective physical function performance measured using the transfer task, 8-foot up and go, 30-second chair stand, lift
and carry, and 6-minute walk test. The secondary hypothesis, however, was supported. It was hypothesized that a lower cut point for defining muscular asymmetry (≥
10 %) would be more appropriate when evaluating the presence of asymmetry in middle-aged women. The study determined that the ≥ 10 % asymmetry cut point was more
useful in identifying a larger sample of asymmetrical women.
Although there have been other studies examining the presence of muscle
asymmetry in middle-age (45, 52), the prevalence has not been well established. The
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results of this study indicated muscular asymmetry (≥10%) was present in almost half
of the sample (47%, n=55) of middle-aged women. In a study of 348 adults aged 3079, a significant level of muscle asymmetry was only found in the middle-aged population aged 50-60 (n=56) (52). Another study performed by Valderrabano et al, found
significant differences in muscle asymmetry and plantar flexion power using a sample
of only 12 middle-aged adults (45). The higher prevalence of asymmetry from the
present study conflicts with existing literature potentially due to the current study’s
larger sample size available for analysis. Valderrabano et al. (45) found asymmetry in
all subjects in their study: however, the sample only included 12 individuals. Additionally, the more validated measure of strength in the knee extensors and flexors, using the Biodex System 4 Isokinetic Dynamometer, as opposed to the StrengthErgo 240
used by Hatta et al (52) could have provided more accurate peak torque values to use
for analysis. Nonetheless, this study adds to the limited literature on the prevalence of
lower limb muscular asymmetry in middle-aged adults aged 40-65.
The asymmetry cut point used in this study (≥10%) is in agreement with asymmetry values used in studies performed with young adults. Multiple studies conducted
with individuals under the age of 40 have determined values of ≥10% to be a valid indicator of lower limb muscle asymmetry (1, 45-48). The cut point of ≥15% did not
yield any significant asymmetry scores in the current study’s population of middleaged women. The findings conflict with studies using asymmetry cut points of ≥15%
commonly to evaluate the prevalence of muscle asymmetry in older adults (≥65 years)

47

(48, 49, 72). This study's asymmetry cut point provides evidence that a ≥10% difference present between limbs could be more useful in identifying muscle asymmetry
than a ≥15% cut point during middle-age.
Although there was a relatively large sample of women possessing asymmetry
in this study, there were no associations between the presence of muscle asymmetry
and physical functioning scores. This suggests that while muscle asymmetry may be
present in middle-age, it may not be independently related to physical function performance. The independent variables that were most strongly related to physical function
performance included total muscle strength and muscle quality. Therefore, these factors may be more important than individual limb values in determining physical function ability in middle-age. This finding is in agreement with other studies conducted
with both middle-aged women and older men and women indicating muscle quality is
a strong predictor of lower extremity physical function performance (27, 69, 75, 82).
Muscle quality may be the most salient determinant of physical function performance
due to it addressing both body composition and muscular capacity in one measure.
The asymmetry equations listed in Table 1 were determined by Bishop et al.
(1) as the five most useful asymmetry equations to utilize. There is not yet a universally accepted asymmetry equation. Therefore, lower limb muscular asymmetry was
calculated for knee extension and knee flexion strength at 60 deg/sec and 180 deg/sec
using all five of the equations. The LSI-2 equation was chosen for the further analysis
of the two groups due to the clear distinction the equation makes between non-dominant and dominant limbs. Although the BAI-2 equation provided a similar sample size
(n=55), the clear limb distinctions provided by the LSI-2 equation provided less
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chance of inflation of the sample. The BAI-2 equation produced more values of asymmetry ≥10%, possibly because the entire equation was multiplied as directed by two.
This could have led to participants who did not have a limb asymmetry of ≥10% to be
included in the sample.
Although the presence of asymmetry in this sample of middle-aged women did
not have any significant associations with physical functioning, being aware and testing for asymmetry could be beneficial during this life stage. The effects of a significant muscle asymmetry presenting in middle-age and the effect of its transition into
older age has not been extensively studied. Still, asymmetry in middle-age will likely
increase as individuals age unless steps are taken to remedy the imbalance. Future longitudinal research could seek to identify individuals with a clinically significant asymmetry in middle-age, or earlier, and monitor their physical functioning as they transition into middle-age.
In addition to examining the long-term effects of asymmetry, testing for the
presence of asymmetry in middle-age could also identify individuals in need of a muscular rehabilitation program. Although extensive research has been performed on rehabilitating muscle asymmetry in a younger athletic population (7), there has been less
research on using these protocols in individuals of middle-age. A small study of 12
healthy middle-aged adults (8 female, 4 male, age range: 32-56) conducted by Valderrabano et al. (45) compared the strength between the dominant and non-dominant legs
And strength differences of 18.3% and 10% in the plantar-flexors and dorsiflexors
were identified when the dominant leg was compared to the non-dominant. The inves-
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tigators concluded that individuals of middle-age may possess few type II muscle fibers and may benefit from type II muscle fiber training (45). Information from studies
like this may be useful to practitioners when aiming to rehabilitate a lower extremity
injury in an individual of middle-age.
The strengths of the present study include the use of a battery of objective, validated physical function measures and the objective measurement of participants’
physical activity. Performing objective rather than subjective tests limits the risk to validity and self-report bias often seen with questionnaire or self-reported measures of
physical function and physical activity (86). This study also possessed a relatively
large sample size when compared to previous studies, adding to the information about
the prevalence of asymmetry present in the middle-aged population. Additionally, using the gold standard, the DXA, to measure body composition was another study
strength. Also, although the primary outcome measures for the present study were
asymmetry and physical function, the study controlled for other factors known to be
independently associated with physical functioning in this population.
There are also limitations of the present study. First, the study's cross-sectional
nature does not allow for the examination of the directionality of the identified associations. Additionally, since the sample was a convenience sample, the participants were
predominantly Caucasian, educated, and physically fit women with no orthopedic limitations, reflecting the demographic characteristics of the areas which surrounds the
University. The participants also possessed a lower percentage of body fat when compared to the general population of middle-aged women (93), which also may limit the
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generalizability of the results to the statistically average middle-aged woman. Additionally, muscle power was not evaluated in this study andprevious research has stated
that muscle quality should ideally be measured using the relationship between muscle
mass and muscular strength and power (81). Physical functioning tests utilizing more
anaerobic power, such as the lift and carry, may indicate the muscle quality calculated
using power as opposed to muscle quality calculated using strength. However, since
muscle power was not directly measured in this study, we cannot definitively identify
muscle power as the mechanism for this finding.
In conclusion, more research is needed on a variety of participants within this
age group to fully understand the effect and prevalence of asymmetry on physical
functioning during middle-age. Additionally, a deeper understanding of the independent contributions of body composition, physical activity, muscle strength, and muscle
quality on physical functioning throughout the lifespan could lead to more optimal interventions intended for women of middle-age as they transition into older adulthood.
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Table 1. Asymmetry Equations
Asymmetry Name

Equation

Limb Symmetry Index (LSI-2)

(1-NDL/DL) x 100

Bilateral asymmetry index 1 (BAI-1) (DL-NDL)/(DL+NDL)) x 100
Bilateral asymmetry index 2 (BAI-2) (2x(DL-NDL)/(DL+NDL)) x 100
Asymmetry Index (AI)

(DL-NDL)/(DL+NDL/2) x 100

Symmetry Angle (SA)

(45-arctan[left/right])/90 x 100
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Table 2. Participant Characteristics
Demographics
(n=116)

Sample
Mean ± SD

Range

Age (years)

52.90 ± 6.20

40 - 64

Weight (kg)

70.86 ± 14.98

44.30 - 118.30

Height (m)

1.63 ± 0.06

1.51 - 1.78

Body Mass Index (kg/m2)

26.50 ± 5.20

17.63 - 42.93

Percent Fat Mass (%)

38.08 ± 8.12

18.99 - 55.84

Moderate + Vigorous PA/day (min)

32.51 ± 24.25

1.00 - 113.14

Steps/day

8268 ± 3327

2183 ± 20301

Muscular Performance (Peak Torque) and Muscle Quality
MS-R @ 60 deg/sec (N/m)

161.91 ± 34.81

74.40 - 249.70

MS-L @ 60 deg/sec (N/m)

155.29 ± 36.87

85.70 - 271.90

MS-R @180 deg/sec (N/m)

114.97 ± 24.41

59.60 - 181.50

MS-L @180 deg/sec (N/m)

110.66 ± 26.06

48.70 - 216.30

MQ-R @60 deg/sec

32.03 ± 5.69

16.97 - 47.24

MQ-L @60 deg/sec

31.21 ± 6.27

16.82 - 55.54

MQ-R @180 deg/sec

22.96 ± 4.22

11.78 - 35.46

MQ-L @180 deg/sec

22.34 ± 4.79

11.42 - 43.53

Transfer Task (sec)

3.90 ± 1.15

1.53 - 8.19

8 Foot Up and Go (sec)

5.19 ± 0.93

2.22 - 7.37

30-second Chair Stand (repetitions)

20.25 ± 5.34

10 - 38

6 Minute Walk Test (m)

575.00 ± 67.19

429.30 - 734.31

Lift and Carry (sec)

58.25 ± 10.81

38.84 - 104.96

0.18 ± 3.01

-9.06 - 8.34

Physical Function Performance

LEPF-CS

Note: MVPA (moderate to vigorous physical activity), MS-R @ 60 deg/sec (muscle strength of right leg at 60 deg/sec), MS-L @ 60 deg/sec (muscle strength of left leg
at 60 deg/sec), MS-R @ 180 deg/sec (muscle strength of right leg at 180 deg/sec), MS-L @ 180 deg/sec (muscle strength of left leg at 180 deg/sec), MQ-R @ 60
deg/sec (muscle quality of right leg at 60 deg/sec), MQ-L @ 60 deg/sec (muscle quality of left leg at 60 deg/sec), MQ-R @ 180 deg/sec (muscle quality of right leg at
180 deg/sec), MQ-L @ 180 deg/sec (muscle quality of left leg at 180 deg/sec), LEPF-CS (lower extremity physical function-composite score)
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Table 3. Lower Limb Asymmetry by Asymmetry Equation
Muscular Asymmetry: Knee
Extension/Flexion @ 60
deg/sec
(%)
(Mean ± SD)

Muscular Asymmetry: Knee
Extension/Flexion @ 180
deg/sec
(%)
(Mean ± SD)

Asymmetry Equation
Limb Symmetry
Index (LSI-2)

11.17 ± 9.21

11.63 ± 10.07

Bilateral asymmetry Index 1
(BAI-1)

6.13 ± 5.62

6.50 ± 2.23

Bilateral asymmetry Index 2
(BAI-2)

12.26 ±1 1.25

13.00 ±12.43

Asymmetry Index
(AI)

7.88 ± 6.98

8.33 ± 7.68

Symmetry Angle
(SA)

3.88 ± 3.52

4.11 ± 3.88
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Table 4. Prevalence of Lower Limb Muscular Strength Asymmetry by Asymmetry
Equation
Strength Measure
Number of Participants with
Muscular Asymmetry at Knee
Extension/Flexion @ 60 deg/sec
≥10%

Number of Participants with
Muscular Assymetry at Knee
Extension/Flexion @ 180
deg/sec

≥15%

≥10%

≥15%

Asymmetry Equation
Limb Symmetry Index
(LSI-2)

52

30

55

33

Bilateral
asymmetry
Index 1
(BAI-1)

19

10

24

12

Bilateral
asymmetry
Index 2
(BAI-2)

55

33

58

38

Asymmetry
Index (AI)

33

16

36

15

Symmetry
Angle (SA)

10

2

11

4
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Table 5. Descriptive Characteristics of Muscle Asymmetry Groups
Demographics

LSI-2 Asymmetry <10% at 180 deg/sec
(n = 62)

LSI-2 Asymmetry ≥ 10% at 180 deg/sec
(n=55)

p-value

Age (years)

52.92 ± 6.20

53.00 ± 6.20

0.944

Weight (kg)

70.70 ± 15.40

71.08 ± 14.88

0.891

Height (m)

1.63 ± 0.05

1.64 ± 0.06

0.241

Body Mass Index (kg/m2)

26.57 ± 5.31

26.4 ± 5.29

0.841

Percent Fat Mass (%)

38.34 ± 8.02

37.79 ± 8.30

0.719

MVPA (min)

29.36 ± 20.43

35.50 ± 27.70

0.190

Steps/day

8022 ± 3033

8459 ± 3619

0.489

MS-R @ 60 deg/sec

175.33 ± 40.01

169.69 ± 35.43

0.424

MS-L @ 60 deg/sec

178.33 ± 42.81

158.95 ± 35.23

0.009*

MS-R @180 deg/sec

117.27 ± 23.86

112.37 ± 24.97

0.280

MS-L @180 deg/sec

116.23 ± 23.46

104.38 ± 27.58

0.013*

MQ-R @60 deg/sec

33.28 ± 5.11

31.19 ± 6.15

0.049*

MQ-L @60 deg/sec

32.77 ± 5.51

29.44 ± 6.65

0.004*

MQ-R @180 deg/sec

23.54 ±3.61

22.29 ± 4.76

0.111

MQ-L @180 deg/sec

23.51 ± 3.73

21.01 ± 5.50

0.005*

Transfer Task (sec)

3.91 ± 1.18

3.89 ± 1.14

0.918

8-Foot Up and Go (sec)

5.18 ± 0.97

5.18 ± 0.89

0.994

30-sec Chair Stand (reps)

20.71 ± 5.00

19.75 ± 5.7

0.333

6-Minute Walk Test (m)

577.21 ± 69.49

573.45 ± 65.42

0.765

Lift and Carry (sec)

58.80 ± 10.18

57.63 ± 11.65

0.566

0.27 ± 2.86

-0.27 ± 3.18

0.348

Muscular Performance

Physical Function Performance

LEPF-CS

Note: *=p <0.05, **= p<0.01 MVPA (moderate to vigorous physical activity), MS-R @ 60 deg/sec (muscle strength of right leg
at 60 deg/sec), MS-L @ 60 deg/sec (muscle strength of left leg at 60 deg/sec), MS-R @ 180 deg/sec (muscle strength of right leg
at 180 deg/sec), MS-L @ 180 deg/sec (muscle strength of left leg at 180 deg/sec), MQ-R @ 60 deg/sec (muscle quality of right
leg at 60 deg/sec), MQ-L @ 60 deg/sec (muscle quality of left leg at 60 deg/sec), MQ-R @ 180 deg/sec (muscle quality of right
leg at 180 deg/sec), MQ-L @ 180 deg/sec (muscle quality of left leg at 180 deg/sec), LEPF-CS (lower extremity physical function-composite score)
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Table 6. Associations between Muscular Asymmetry, Physical Function and Known
Correlates
Age

BMI

%BF

MSMS- MQ- MQMVP Steps/da R@18 L@18 R@18 L@18
A
y
0
0
0
0
8-UG

30CS

6MW
T

Age

1

BMI

0.29*
*

%BF

0.81*
0.017
*

MVPA

0.11

-0.18 0.29**

Steps/da
y

0.16

0.88*
0.25* 0.34**
*
*

0.49*
*
0.23*

-0.06

0.14

0.082

1

MS-R
@180

0.43*
*

-0.09

0.019

-0.051

0.71**

MS-L
@180

0.35* 0.37**
-0.13
*

0.15

0.204*

MQ-R
@180

0.705* 0.43**
*

0.35* 0.35**
-0.11
*

0.01

0.036

0.42** 0.75** 0.66**

MQ-L
@180
8-UG

0.12

0.21* 0.28** -0.23*

-0.24*

-0.14

-0.69

0.32**

0.19*

0.18

30-CS

0.31*
0.25* 0.33**
*
-0.15
*
0.38*
0.46* 0.47**
*
*

0.39**

0.21* 0.24** 0.39** 0.38**

0.26**

-0.24*

L+C

0.11

0.26*
*

0.39*
0.27** 0.29** 0.33** 0.32**
*
0.55* 0.58*
*
*

0.37*
0.39* 0.503*
*
-0.17
*
*

0.39**

0.29** 0.31** 0.41** 0.39**

LEPFCS

6MWT

0

L+C

LEPF
-CS

1
1
1
1

1

0.16

0.25*
*

1

-0.14

1

-0.06

0.31** 0.29**

1
0.40*
*

1

0.46*
0.43*
*
*

1

1

0.81* 0.77*
0.67*
*
*
0.67*
*
*

1

Note: *=p <0.05, **= p<0.01
MVPA (minutes of moderate to vigorous physical activity), MS-R @ 60 deg/sec (muscle strength of right leg at 60
deg/sec), MS-L @ 60 deg/sec (muscle strength of left leg at 60 deg/sec), MS-R @ 180 deg/sec (muscle strength of right
leg at 180 deg/sec), MS-L @ 180 deg/sec (muscle strength of left leg at 180 deg/sec), MQ-R @ 60 deg/sec (muscle quality
of right leg at 60 deg/sec), MQ-L @ 60 deg/sec (muscle quality of left leg at 60 deg/sec), MQ-R @ 180 deg/sec (muscle
quality of right leg at 180 deg/sec), MQ-L @ 180 deg/sec (muscle quality of left leg at 180 deg/sec), 8-UG (8-foot Up and
Go), 30-CS (30-second Chair Stand), 6MWT (6-minute walk test), L+C (lift and carry), LEPF-CS (lower extremity physical function-composite score)
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